Summary. The manner whereby progesterone acts as an inhibitor of cleavage of mammalian ova was studied using rabbit ova in vitro.
INTRODUCTION
That progesterone had a 'toxic' effect on development of early mammalian embryos grown in vitro was observed by Whitten (1957) . Working with mouse ova from the eight-celled to the blastula stage, he noted that development was inhibited by concentrations of 4 µg/ml and above, and that blastulae were more sensitive than earlier stages.
Because pregnancy serum is one component of the media used in attempts to culture rabbit embryos and because such serum contains progesterone, which according to some reports is in concentrations approaching the inhibitory level (Forbes, 1953) , it became necessary to study the (Ham, 1963) (-4-C-14) . After sectioning, these ova were coated with emulsion and kept in a cold, dark room for 4 days before developing. In those sections where a pattern is apparent, the radioactive deposit is heaviest on the surface of the ovum or on the surface of the zona pellucida or both (Plate 1).
DISCUSSION
The results of the experiments reported here support the theory of steroid hormone action which says that the permeability of the cellular membranes is altered when the hormone reacts with protein of or on the membrane (Mueller, 1957) . However, according to the evidence for this theory summarized by Villee (1961) Manchester & Young (1961) conclude that "The mechanism of action of insulin in stimulating protein biosynthesis in muscle appears not to be in the translocation of amino acids across the cell membrane but in a process more intimately concerned with the intra-cellular synthesis of protein".
In a recent review of some aspects of the problem of cell differentiation Flickinger (1963) describes the need for a sufficient supply of materials necessary for protein synthesis at times of specific gene action. When this supply is inadequate, normal differentiation does not proceed. Progesterone, in high concentration, apparently imposes such a severe limitation on the supply of these materials that the first step toward differentiation, namely the division of the ovum into two blastomeres, cannot proceed. Perhaps in more moderate concentrations at later stages, its action might contribute some control to the process of differentiation.
Although oestrogen and progesterone are known to have both counteracting and synergistic effects in different circumstances (Courrier, 1950; Hisaw & Hisaw, 1961) , in this case oestrogen does not alter the capacity of progesterone to inhibit cleavage. These results support Whitten's (1957) observation that oestradiol in concentrations of 0-05 to 0-2 µg/ml had no effect on reversing the inhibitory action of progesterone on mouse ova. Cochrane & Meyer (1957) observed that 4 µg of oestrone, given with progesterone to ovariectomized pregnant rats with delayed implantation, immediately initiated a resumption of embryonic development. Whatever influence oestrogens may have regarding developmental control of early mammalian embryos in a progesterone-rich J. C. Daniel and J. D. Levy environment, it is not exerted directly upon the embryo in vitro. However, in view of the fact that the inhibition can be overcome by increasing the aminoacid concentration, and since oestrogen accelerates the production of amino acids in the fluids of the genital tract (Harrison & Neal, 1959; Shackelford, 1952) Whitten (1957) , may reflect differences in the species, in the stages studied, in the solvent or in the basic media used. The FIO medium used in these studies on rabbit eggs is rich in amino acids, and therefore a higher progesterone concen¬ tration would be needed to achieve an inhibition than would be required in a less nutritious medium.
The mammalian egg stores most of the materials it will need during early cleavage. This is demonstrated by its ability to begin development in far simpler media in vitro than that required by most other mammalian cells. However, as shown by Purshottam & Pincus (1961) and supported by the results described here, the ovum must be provided with some protein component or components, or with amino-acids from which the protein can be synthesized. Anything that interferes with this demand could therefore inhibit cleavage; progesterone appears to do so.
The relative success achieved in phasing the first cleavage of ova after removal from progesterone inhibition, points to a specific timed event that is especially sensitive to a limitation imposed on protein supply or synthesis. The first cleavage after removal of ova from the inhibiting progesterone occurs within 21 to 3 hr, a time strongly reflective of the 1 to 2 hr limit previous to cleavage when progesterone is most effective. The slight difference can be
